CLAIMS 



What is claimed is: 

1. A memory subsystem comprising 



two memory devices connected in parallel to a bus, 
said bus including a plurality of bus lines for 
carrying substantially all Address, data and control in- 
formation needed by said memory 

said control information including 
information, 

said bus containing substantially fewer bus lines than 



the number of 



said bus 



need for 



individual memory 



inr a single address, and 
ig device-select information without the 

lines connected directly to 



2 • The memory/ subsystem of claim 1 wherein 



bus 



contains at least & bus lines adapted to carry at least 16 



and 



least 8 data 



3. The memory subsystem of claim 1 wherein said bus also 

4 M 

includes parallel lines for clock and power. 



4. As 



comprising 



lory subsystem of claim 1 wherein each bus of said 



memory subsystem is connected to its own transceiver device, 
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a transceiver bus connecting sfeid transceiver devices, 



and 



a means for transferring information between each of 



Id buses of said memory subsystems and said transceiver 



bus , whereby memory subsystems/ may be integrated into a 
larger system having more memory than an individual memory 
subsystem. 



5. The system of claim 4/having a plurality of memory 



subsystems . 



6. The system of claim 4 further comprising a master 



device connected to said transceiver bus. 



7 . The system/6f^3faim 6 wherein said master device is 
lected from the jgroup /insisting of a central processing unit, 



a floating point unit 



memory access unit 



8 



The system of claim 4 further comprising a peripheral 



device connected to the transceiver bus, said peripheral 

* § 

adapted for connection to other devices not on the bus . 



9. The systert of claim 8 wherein said peripheral device is 
selected from the aroup consisting of an I/O interface port, a 
video controller emd a disk controller. 
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10. The system of claim 5 whereiiy said transceiver bus is 
in a different plane than the plane of A:he bus of each of said 
meimory subsystems. / 

11. The system of claim 5 wherein the bus of each memory 
subsystem lies substantially in a s/ubsystem bus plane and said 
transceiver bus lies substantiality in a plane orthogonal to said 
subsystem bus plane. / 

12. The system of claim 4 /having at least two transceiver 
buses, each transceiver bus having a plurality of memory 
subsystem buses connected through a first transceiver to said 
transceiver bus, A 

each of said transceiver buses being further connected to a 
second transceiver adapte^to\^nterfac^-^5o a second-order 
transceiver bus, whereby each transceiver bus is connected 
through said second transceiver to form a second-order 
transceiver bus unit. / 

13. A semi conduct/or subsystem bus for interconnecting 
semiconductor devices /comprising 

a plurality/ of semiconductor devices connected in 
parallel to a bus, at least one of said semiconductor 
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devices being a memory device or a transceiver device which 
in turn is connected to a memory subsystem, 

said bus including a plurality oil bus lines for 
carrying substantially all address, data and control 
information needed by said semiconductor devices , 

said control information including semiconductor 
device-select information, I 

said bus containing substantially fewer bus lines than 
the number of bits in a s ingle Vaddres s , and 

said bus carrying device/select information without the 
need for separate device-select lines connected directly to 
individual semiconductor devices, and 

at least one modifiable register in each of the semi- 
conductor devices ojisaia bus, said modifiable registers 
being accessible/from s«(id bus, whereby the subsystem can be 
configured usiircj signers! transmitted on said bus. 

14. The semiconductor subsystem bus of claim 13 wherein one 
type of modifiable register is an access-time register designed 
to store a time delay after which a device may take some 
specified action on said bus. 

15. The semiconductor subsystem bus of claim 13 further 
comprising a semiconductor device having at least two access-time 

registers and / 

* 
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one of said access-time registers is permanently programmed 
to contain a fixed value and at least one of said access-time 
registers can be modified by information parried on said' bus. 



tun 



16. The semiconductor subsystem Wus of claim 13 further 



comprising a memory device having at least one 
section and also having a modifiable^ address 



memory 
adapted to 



store memory address information wl/ich corresponds to each 
discrete memory section. 



17. The semiconductor subsystem bus of claim 16 wherein 



memory address infj 



crete memory section 



ion comprises a pointer to said dis- 



18. The semicdnducxo: 



ir£em bus of claim 16 wherein 



said discrete memory section has a top and a bottom and said 
memory address information comprises pointers to said top and 
said bottom. 



* 19. The semiconductor subsystem bus of claim 16 wherein 
said memory address /information comprises 



a pointer/ to said discrete memory section and 
a range value indicating the size of said discrete 
memory section. 
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20. The semiconductor subsystem bus off claim 16 wherein 
said address registers of each of said di/crete memory sections 
of each of said memory devices connected/ to said bus are set to 
contain memory address information thay is different for each 
discrete memory section and such that /the highest memory address 
in each discrete memory section is one less than the lowest 
memory address in another discrete Memory section, 

whereby memory may be organised into one or a small number 



of contiguous memory blocks* 



21. The semiconductor subsystem bus of claim 16 further 



comprising a means fo^t^sting each of 



discrete memory sec- 



tions of each of sa/d memory devices for proper function, and 

for eachT non-f u/Aional di^prtfte memory section, a 
means for setting /t/least one address register which 



corresponds 



said 



;ai< 



menu 



discrete memory section to indicate that 
section is non-functional, , 



for each functional discrete memory section, a means 
for setting at least one address register which corresponds 
to said discrete memory section to contain such 



corresponding/ address information 



22. The semiconductor subsystem bus of claim 21 wherein 
said address registers corresponding to said discrete memory 
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sections are set to provide one contiguous/ memory block within 
the subsystem. 



23. The semiconductor subsystem dus of claim 13 wherein one 
of said modifiable registers is a device identification register 
which can be modified to contain a yalue unique to that 
semiconductor device. 



24. The semiconductor subsystem bus of claim 23 wherein 
said device identification regi/feter is set to contain a unique 
value which is a function of the physical position of that 



semiconductor device either along 



other semiconductor jaeviaes /or 



bus or in relationship to 



bus • 



25. A bus subsyst< 



bmprisxng 



two semi^ond^tor s de5«<r6s connected in parallel to a 
bus, wherein one q£ said semiconductor devices is, a master 
device , 

said mastei/ device including a means for initiating bus 

transactions/ 

said bus /including a plurality of bus lines for 
carrying substantially all address, data and control 
information /needed by said devices, 

said qbntrol information including device-select 

inf ormati* 
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said bus containing substantially fewer lines than the 
number of bits in a single address/ and 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 
5 individual devices on said bus, /whereby said master device 

initiates bus transactions which transfer information 
between said semiconductor devices on said bus* 

26. The bus subsystem of claim 25 wherein one of said 
10 semiconductor devices is a memory device connected to said bus, 
%0 said memory device having at least one discrete memory section 
=p and also having a modifiable Address register adapted to store 
fp memory address information wnich corresponds to each said 
jh discrete memory sectiofTT^s/ 

2 27. The bus subsystem of claim 26 wherein one of said 

=f semiconductor devi/ces cOTpri^esajtr^ffi^eive device connected in 
u parallel to said b\is add connected in parallel to a memory device 
on a bus other than safid bus . 
20 / 

28. The bus subsystem of claim 26 further including a means 
for said master dev/ce to request said memory device to prepare 
for a bus transaction by sending a request packet along said bus, 
said memory device and said master device each having a device- 
25 internal means to/ prepare to begin said bus transaction during a 
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device-internal phase and further having a bufe access means to 
effect said bus transaction during a bus access phase , said 

request packet including / 

a sequence of bytes containing address and control 

information, / 

said control information including information about 
the requested bus transaction ana about the access time, 
which corresponds to a number ol bus cycles, which needs to 
intervene before beginning said bus-access phase, and 

said address inf ormation/pointing to at least one 
memory location within one ok said discrete memory sections 
of said memory device. / 

29. The bus subsystem ofjRclaim 28 wherein said memory 
device includes a means to repd X^aad^cgjvferrJl information and 
initiate said device -iAterpM means at a time so as to complete 
said device-internal phase Within said access time and begin said 
bus access phase after saiya number of bus cycles. 

30. The bus subsystem of claim 28 wherein said control 
information comprises an op code. 

31. The bus subsystem of claim 30 wherein said memory 
device includes sensfc amplifiers adapted to hold a bit of 
information or to prfecharge after a selected time and a means to 

4 

High Performance Bus Interface -71- 



transfer a data block during a data block transfer either reading 
data from said memory device or writing data i/to said memory 
device , and 

wherein said op code instructs said memory device to 
activate a response means, said response rpeans including a means 



to 



initiate a data block transfer, 
select the size of said data block, 

select the time to initiate said data block transfer 



access a control 



writing to said control reg}/ 

precharge said 
block transfers is efompL 



, including reading from or 



iplifiers a 



each of said data 



hold a bit oil inf orfmcition in each of said sense 
amplifiers after /each pi )(said data block transfers is 
complete, or 



select norma 



-mode access. 



32. The bus subsystem of claim 31 wherein said data block 



transfer comprises a 
single memory device^. 



from or a write to memory within a 



33. The bus subsystem of claim 28 further comprising a 



means for said m< 



to send control information to a 



specific one of 



semiconductor devices on said bus by 
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including in said request packet a device identification number 
unique to said semiconductor device. / 

34. The bus subsystem of claim 28 fuAher comprising a 

5 means for said master device to send control information to a 
selected one of said discrete memory pojrtions by including in 
said request packet a specific memory address . 

35. The bus subsystem of/clai^y 28 further comprising a 
10 means for said master device^ to sitnd control information to 

2 substantially all semiconductor devices on said bus by including 
'V in said request packet a special /devTeeidentif ication number 
^ which is recognized by said^eeM conductor devices. 

15L 36. The bus subsystem of claim 28 wherein said control 

+ information specifies directly or indirectly the number of bus 

O cycles for said master device and said memory device to wait 

O before beginning said bus access phase. 

20 37. The bus subsystem of claim 36 wherein, for a data block 

transfer , said master device and said memory device use the same 
access time and same data block size regardless of whether said 
data block transfer is a read or write operation. 
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38. The bus subsystem of claim 28 where/n said control 
information further includes a block-size v/lue that encodes and 
specifies the size of the block of data to/be transferred. 

39. The bus subsystem of claim 38 /Wherein said block-size 
value is encoded as a linear value for/ relatively small block 
sizes values and is encoded as a logarithmic value for relatively 
larger block sizes. 



40. The bus subsystem of clafim 38 wherein said block-sij 
value is encoded using four bits/ and where the encoded value 



24 



25 



30 



Encoded Value 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 



lock Size fBvtes 



1 



35 



41. The bus subsystem of claim 26 wherein said memory 



device is a DRAM device containing 

a plurality of sense amplifiers, 
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a means to hold said sense amplifiers in an unmodified 
state after a read or write operation,/ leaving the device in 



page mode, 

a means to precharge 

a means for selecting whetheaV to 
amplifiers or to hold said sense/amplif 



id sense amplifiers and 



e s 



in an unmodified 



42. The bus subsystem of claim 28 wherein said request 
packet comprises an even number of bytes. 



43. The bus subsystem of /claim 28 further including a means 
for generating and controlling a plurality of bus cycles, during 
which said bus carries/said ^Wdbress, data and control 

M mm I 

information, and wherfein a^ekiate^sa±aTbus cycles are designated 
odd cycles and even cy^l^e, respectively, and wherein said 
request packet begins ontfy on an even cycle. 



44. The bus subsystem of claim 28 further including a means 
for 'generating ECC information corresponding to a block of data 
and a means for usina said ECC information to correct errors in 
storing or reading said block of data, wherein said ECC 



information may be /stored separately from 



block of data 
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45. The bus subsystem of claim 44 furthey comprising at 
least two of said memory devices wherein said/ECC information and 
said corresponding block of data are stored An a first and a 
second said memory device , respectively, and said master device 

5 includes a means to write or read said block of data with error 
correction by sending separate ones of said request packets for 
said ECC information and for said corresponding block of data. 

46. A bus subsystem comprising/ 

10D a memory device and a ma s/cer device connected in 

111 parallel on a bus, / 

01 a means f orj&aM faster device to send a request 
j: packet and initiate a /bus transaction and 

7" a means for saji master device to keep track of 

l!g current and dendin^bus transactions , 

Jr said bus inclucTinc/ a plurality of bus lines for 

2 carrying substantially all address, data and control 

information needed by said memory devices, 

said bus containing substantially fewer lines than the 
20 * number of bits in a single address, and 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 
individual devices on said bus, whereby said master device 
initiates bus transactions which transfer information 
25 between devices on said bus and collisions on said bus are 
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avoided because said master device avoids initiating bus 



transactions which would conflict witM current or pending 



bus transactions . 



47. The bus subsystem of claim 4^ having at least two of 
master devices and including 

a collision detecting meanys whereby a first 
device sending a first said request packet can 
second said master device se/ding one of said colliding 



request packets, where one of 



said colliding request 



packet may be sent simultaneous with the initial sending of 
or overlapping the sendirtg of said first request packet, and 



an arbitration 
master devices select 
master devices wyll 
sequentially. 



whereby said first and said second 
•iority order in which each of said 



llowed to access 



bus 



48. The bus subsystem of claim 47 wherein each of 



master 



s has a Aaster ID number and each of said request 




packets includes a mister ID position which is a 
number of bits in a /predetermined position in said request 
packet, and whereirf said collision detection means comprises 

a means included in each master device for 
request packet including said master ID number of said 
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master device in said master ID position of said request 
packet and 

a means to detect a collision and itavoke said 
arbitration means if any master device/ detects any other 
master ID number in said master ID position. 



49. The bus subsystem of claim 4y wherein each of said 



master devices includes 



a means for sending a request packet, 

a means for driving a seLfected bus line or lines during 
at least one selected bus cy/le while said request packet is 



being sent, 



a means 



for mon/itorinfl teaid selected bus line or lines 



to see if a said mister dfe^ce is sending a colliding 



request packet an< 

a means for iVifo: 



ng 



all other master devices that a 



collision has occurred and for invoking said arbitration 



means . 



50. The bus subsystem of claim 47 wherein each of said 



master devices include) 



a means, whe/n sending a request packet, to drive a 
selected bus li/e or lines with a certain current during at 
least one selected bus cycle, 
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a means for monitoring said selected bus line or lines 



for a greater than normal current to 
device is driving that line or lines, 



if Another master 



a means for detecting said greater tnan normal current, 



and 



a means for informing all said master devices that a 



collision has occurred and for invoking said arbitration 



means . 



51. The bus subsystem of claim fl wherein said arbitration 

means comprises 

a means for initiating an/ arbitration cycle, 
a means for allocarcinb d single bus line to each master 
device during at leasft one [selected bus cycle relative to 



the start of said airbitra 



cyclj 



a means for allocmng each 
bus line during one of said se 



device to a single 
bus cycles if there are 



more master devices than available bus lines, ' 

a means for eachr of said master devices which sent a 
colliding request packet to drive said bus line allocated to 
'said master devi enduring said selected bus cycle, and 
a means in ak least one of said master devices for 
storing information about which master devices sent a 
colliding request packet, 
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whereby said master devices can monitpr selected bus 
lines during said arbitration cycle and identify each said 
master device which sent a colliding request packet. 



52. The bus subsystem of claim 47 wjferein said arbitration 
means comprises 

a means included in a first one of said master 
which sent colliding request packets for identifying each of 
said master devices which sent /rolliding request packets, 

a means for assigning a priority to each said master 
device which sent a colliding request' packet , and 



a means for allowij 



a colliding request yfacke 
according to that priori; 



ch said master device which sent 



to 



s the bus sequentially 



53. The bus subs- 



of 'claim 52 wherein said priority is 



based on the physical location of each of said master devices . 



54. The bus subsystem of claim 52 wherein said priority is 



based on said master 



number of said master devices. 



55. The bus subsystem of claim 52 wherein each of said 
master devices includes a means, when sending a colliding request 
packet, for deciding which master device can send the next 
request packet in what order or at what time, whereby no master 
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device may send a new request packet until 
pending request packet have been completed 



ses to each 
cheduled. 



56. A bus subsystem comprising 

a plurality of semiconductor de/ices connected in 
parallel to a bus, 

said bus including a plurality of bus 
carrying substantially all address, data and control 



information needed by 



semiconductor devices, 



said control inf ormatiory including 
information, 

said bus containing s)£bstantially 
number of bits in a sing! 



lines than the 



Ld bus carrying said device-select information with- 
out the need for separate device-select lines connected 
directly to individu^Vsemiconductor^devices, 



said semicdnducrtoj 



including a reset means 



having an input! ana an output, the output of the reset means 



of one semicondu< 



device being connected to the input of 



the reset means of the next semiconductor device in series . 



57. The bus subsystem of claim 56 further including system 



means comprising 

a means/ for generating a 
signal, 



and a second reset 
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a means for passing said first reset signal to a first 
of said semiconductor devices and then to si^Dsequent ones of 
said semiconductor devices in series and 

a means for passing a second reset signal to said first 



semiconductor device and then to 
semiconductor devices in series. 



subsequent 



said bus subsystem including one of said/semiconductor devices 



containing 



a device identification register adapted to contain a 



number unique to 
subsystem, 



semiconductor device within said bus 



a device identif ica^ion\register setting means, and 



a device reset means fo: 
device to some desiyed, kno; 
said first reset sifgnal a: 



resetting said semiconductor 
reset state in response to 
►rsgj^ferfng said device 



identification regi^ter^^n response to said second reset 
signal, 

whereby said bus subsystem can be reset to a known 
reset state with a umque device identification value in 
said device identification register of each of 
semiconductor devices . 



58. The bus subsystem of claim 57 wherein said desired, 
known reset state is /where all registers in the semiconductor 
device are cleared and the state machines are reset. 
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59. The bus subsystem of claim 57 wherein said device 
identification register setting means comprises/ 

a means for detecting said second refeet signal, 
a means for reading a device identification number from 
said bus lines at a specific time rel/tive to said second 

reset signal and I 

a means for storing said devioi identification number 
in said device identification reg/ster of said semiconductor 
device. / 

60. The bus subsystem of^eiai^n 57 wherein said second reset 
signal comprises multiple pulse sequences and wherein said device 
identification setting means includes 

a means for intferpret/nfg Wid pulse^sequences as a 

device identif icatioX^nujper and 

a means for storing/ said device identification number 
in said device identification register of said semiconductor 
device . / 

61. The bus subsystem of claim 57 wherein said device reset 
means comprises an n-stage shift register capable of storing li- 
bit values, wherein said device reset means interprets a specific 
value in said shift rfegister as said first reset signal and 

High Performance Bus Interface -83- 



interprets a specific value in said 
reset signal. 



register as said second 



62. The bus subsystem of claim 57 wherein one of said 
semiconductor devices is a master device ,/said master device 



including a means for generating said f^rst and 
signals. 



second reset 



63. The bus subsystem of clainf 57 wherein one of said 
semiconductor devices is a master yaevice, said 



including 



a master ID 



a means for a/signinAa master ID number to said master 



device and 



a means for storing/ said mas 



ID number in said 



master ID regi 



64. The bus subsys/tem of claim 63 further comprising a 
second one of said master devices, and a means for a first one of 



said master devices to assign a master ID number to substantially 
all other said mastefc devices, whereby said first master device 
assigns one of saidr master ID numbers to each of said master 
devices on said bus subsystem and each 



said assigned ma; 



ID number in said master ID register 
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65. The bus subsystem of claim 57 wherein ode of said 
semiconductor devices includes a device-type register adapted to 
contain an identifier characteristic of that/type of 
semiconductor device, and one or more modifiaable registers, at 
least one of which is an access-time register adapted for storing 
access times. 



66. The bus subsystem of claim/65 wherein one of said 
semiconductor devices is a master device having 

a means for selecting a/ semiconductor device, 

a means for reading s/id device-type register of said 
selected semiconductor device, 

a means f or^4eterndLning the device type of said 
selected semiconductor device, 

a mean/ for determining access-time values appropriate 
for said selected Semiconductor device and for storing said 



access-time valu< 



^cess-time registers of said 



selected sWiOJeraUictor device, and 



a means for selecting and storing other values 



appropriate for 



selected semiconductor device in 



* corresponding registers of said selected semiconductor 
device, 

whereby said master device can select a semiconductor 
ice, determine what type it is, and set said access-time 



and othefc registers to contain appropriate values. 
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67. The bus subsystem of claim 66 further comprising a 
memory device having at least one discrete memory section and at 
least one modifiable address register adapted to store memory 
address information which corresponds to eacj* of said discrete 

memory sections, and 

Id master device further comprising a means for selecting 
and testing each of said discrete memory sections and a means for 
storing address information in said address registers 
corresponding to each of said discrete memory sections, whereby 
id master device can test all said discrete memory sections and 



assign unique address values thereto 



68. A bus subsystem jcompriJ&ing 

two semiconductor deiwfqes connected in 



to a 



bus, one of said /emicon^u^tor devices being a master 
device, 

said bus iiJcludinfcf a plurality of bus data lines 
carrying substantially all address, data and control 
information needed by said semiconductor devices, 

aid control information including device-select 



8 



information, 



said bus containing substantially fewer of said bus 
data lines than the number of bits in a single address, and 
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said bus carrying device-select information without the 
need for separate device-select lines connected directly to 
individual semiconductor devices, 

wherein all of said bus data lines are terminated 
transmission lines and all of said address, data and control 
information is carried on said bus data lines as a 
sequential series of bits in the fojjm of low-voltage-swing 
signals. 



69. The bus subsystem of claim Jb 8 further comprising a 
semiconductor device including/S\cu/rent-mode driver connected to 
drive one of said bus data lines. 



70. The bus subsystem of cflpim 69 further comprising a 



semiconductor device hav/Lng a ymea: 



teasure the voltage of 



said low-voltage-swing s\gnaJ?s on a selected one of said bus data 



lines , whereby 



semiconductor device can determine whether 



zero, one, or more than one of said current-mode drivers are 
driving said selected bujs data line. 



71. The bus subsystem of claim 70 further comprising a 

semiconductor device /having 

a plurality of input receivers connected to one of said 

bus data lines, and 
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a selection means for selecting said input receivers 
one by one to sense and store, one at a tiip, the bits of 
said sequential series of bits. 



72. The bus subsystem of claim 70 further comprising a 
semiconductor device having two input rec/ivers connected to one 
of said bus data lines. 



73. A bus subsystem comprising 

two semiconductor devices (Connected in parallel to a 



bus having a 



bus clock line, 



and a second end, 



bus including a 



bus cloc/k line having first and second 



ends corresponding to said first and second ends of said 



bus , respectively, 

a clock generator coj 
bus clock line to gener< 
normal rise time, and 

signal return means at 
clock line to return /said 
first end of said bi/s as 
signals, 



:ted to said first end of said 



irly 



clock signals with a 



second end of said bus 
bus clock signals to said 
sponding late bus clock 



whereby each /of said early bus clock signals will 
propagate from said clock generator along said clock line 
starting from sAid first end to said second end of said bus 
and then returi at a later time to said first end of said 
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bus as a corresponding late bus clock signaa, whereby each 
semiconductor device on said bus can detect said early bus 
clock signals and said corresponding latte bus clock signals. 



74. The bus subsystem of claim 73 fufcther comprising a 



first and a second 



ends at 



bus clock line having first and second 



and said second ends of said bus, 



respectively , wherein said signal return means directly connects 

second ends of said first and said second bus clock lines 
whereby each of said early bus^c^ogx signals will propagate from 

end of said bus along said 
end of said bus and then 

fSixTfirst end of said 



said clock generator at sai< 
first bus clock line to said 



return on said second bus clock/liw 
bus as one of said correspqndljng late bus clock signals 



75. The bus subsystem yof claim 73 wherein 



signal 



return means comprises saifli first bus clock line without a line 
terminator at said seconcy end thereof whereby each of said early 
bus clock signals reaching said second end of said first bus 



clock line will be reflected back along 



first bus clock line 



as said corresponding /Late bus clock signals . 
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76. The bus subsystem of claim 73 further comprising 

a means for operating said bus in bus cycles timed to 
have a certain bus cycle frequency and a corresponding bus 
cycle period and / 

a means for operating said clock generator with a 
period of twice the bus cycle period. / 

77. The bus subsystem of claim 76 wherein said bus cycle 
frequency is greater than approximately 50 MHz and less than or 
equal to approximately 500 MHz. / 

78. The bus subsystem of claiii 73 further including a 
semiconductor device having an internal device clock generating 
means to derive the midpoint time between said early and 
corresponding late bu^/ciock slygnals and to generate an internal 
device clock synchronized to Jrfid midpoint time. 

79. The bus sitosyst^m lot claim 73 further includihg a 
semiconductor device having a low-skew clock generator circuit 
comprising / 

a first delay line having an input, an output and a 
basic delay and means for synchronizing the output of said 
first delay line with said early bus clock signal, 

a second delay line having said basic delay plus a 
variable delay,/ said second delay line having an output and 
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a means for synchronizing the output of said/second delay 
line with said late bus clock signal, and / 

a third delay line having a third delay and a means to 
set said third delay midway between the/aelays of said first 
and second delay lines, said third delay line having an 
output which provides an internal device clock signal 
synchronized to a time halfway between said early and said 
late bus clock signals. / 

80. The bus subsystem of claim 73 wherein said early and 
said late bus clock signals are Low-voltage-swing signals that 
transition cyclically between lefw and high logical values, and 
further including a semir56nduotor device having a low-skew clock 
generator circuit comprisiifig/ 

a DC amplifier ti/conver^-said early and said late bus 
clock signals intoyriall- swing logic signals, 

a first variable delay line having a first variable 
delay and an inpult and an output, the input of said first 
variable delay line being connected to said DC amplifier 
a first, ^second and a third additional delay line, 
each having an input and an output, the input of each of 
said additional delay lines being connected to the output of 

said first delay line, 

/aid first additional delay line having a fixed 

delay, 
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said second additional delay line having said 
fixed delay plus a second variable delay, and 

said third additional delay line/having said fixed 
delay plus one half of said second Variable delay, 
a first clocked input receiver cortnected to sample said 



early bus clock signal and gated by ^feid output of sai 
first additional delay line, 

a means for adjusting said fi4rst variable delay so said 



first clocked input receiver samples said early bus clock 
signal just as said early bus cftock signal transitions, 
a second clocked input re/ceiver connected to sample 
late bus clock signal aitd gated by said output of said 



second additional delay line 



a means for adiustin< 



second variable delay so 



said second clocked inpiycireceiver samples said late bus 



clock signal just [as s 



Xe bus 



:k signal transitions, 



whereby said 



lut of said third additional delay line 



is synchronized to a/ time halfway between said outputs of 
said first and saicy second additional delay lines, and said 
output of said thifcd additional delay line provides an 
internal device dlock signal. 



81. The bus Subsystem of claim 80 further comprising a 
semiconductor device having 
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a first one of said low-skew clock generator 
circuits which generates a "true" internarl device clock 

signal and / 

a second one of said low-skew clock generator 
circuits connected to generate a " complement M internal 
device clock signal synchronized with but opposite in 
logical value to said "true" internal device clock 
signal. / 

82. A DRAM device designed to be/connected to an external 
bus having a plurality of bus lines for carrying substantially 
all address, data and contro^H^nf orjnation needed by said DRAM 
device as a sequential semes ofl bits, said control information 
including device-select /nf ormlvion, said external bus containing 
substantially fewer saip bus liftes— th^rtT'the number of bits in a 
single address , and saip bus^carrying device-select information 
without the need for separate device-select lines connected 
directly to said DRAM devidfe, said DRAM device comprising 

an array of memory cells connected in rows and columns , 

each of said memory/cells adapted to store one of said bits, 
a row address /selection means for selecting one of said 

rows , / 

a column sense amp connected to each of said columns, 
each of said co&lumn sense amps adapted to latch one of said 
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bits as a 



logical value or to precharge/to a selected 



a column decoding means connected to edch of said 
column sense amps for selecting a plurality of said column 



sense amps for inputting one of said bitfs to or outputting 
one of said bits from said memory cell/s, 

an internal I/O bus having a pli/rality of internal I/O 



lines wherein each of 



to a plurality of 



interna]/ I/O lines is connected 



column sense amps, and 



a plurality of bus connection means designed to connect 
said internal I/O lines to said external bus, 



whereby a selected paX 
bits can be transfers 



id sequential series of 
said external bus to a selected 



one of said memory c/lls oi'said bit contained in a selected 



one of said memory cells ^6an 



bus . 



xansferred to said external 



• • 



83. The DRAM device Jbf claim 82 further comprising 

an output driver connected to one said bus connection 

means , 

an output multiplexer having an output connected to 
said output dri<«4r and a plurality of inputs, each of 
inputs being connected to one of said internal I/O lines, 
and 
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a control means to select whether said outsmt driver 



using 



can drive said external bus, 

whereby a plurality of memory cells aref se 
said row address selection means and said/column 
means and a plurality of bits contained/in said plurality of 



memory cells are output through said TOlumn 
said internal I/O bus to said output/ multi; 



amps to 
to said 



output 



to said external bus/. 



84. The DRAM device of claim S2 further comprising 

a plurality of inpu^rfeceavers connected to one of 
bus data lines and to /said iAlternal I/O bus, 



a selection means for /selecting 



input receivers 



one by one to sense/ and sxore^ one at a time, the bits of 



said sequential ser 
a control means 



f bits, and 

select whether an input receiver can 



drive said internal I/O bus, whereby a bit of 



sequential series off bits is input from said external bus 
through one of sai/d input receivers to one of said internal 



I/O lines to one /of 
memory cells. 



column sense amps to one of said 
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85. The DRAM device of claim 82 further comprising 

a first and a second half-array of said memory cells 



wherein each 



row of said array of said memory cells is 



subdivided into two parts, 

a first and a second one of 



internal I/O buses 



connected to said column sense amps in /aid first and said 
second half -arrays, respectively, and 

a column decoder means to gate arelected ones of 
column sense amps connected to said/ memory cells in a 
selected row of said first and sa^/d second half-arrays 
s imul taneous ly . 



86. The DRAM device of /claim 
means selects sixteen col 



5 wherein said column decoder 
ips at a time. 



87. The DRAM devicelof omLim 82 wherein said external bus 
operates at a certain speed arid wherein said DRAM device includes 
four of said internal I/O bufies, each of which operates at one- 



fourth the speed of said external bus. 



88. The DRAM devic^ of claim 82 further comprising 

a means for ptfecharging one of said column sense amps 
to a precharged sytate from which a binary logical value can 
quickly be loade/ti into said column sense amp, 
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if said column sense amp contains a bina: 
value, a means for latching the logical value/ currently 
contained in said column sense amp and 

a means for instructing said DRAM de^ce to precharge 



column sense amp or latch 
column sense amp* 



binary logical value in 



89. The DRAM device of claim 88 further comprising a means 
for instructing said DRAM device to precharge said column sense 



amp without further instruction whene^r 



row address 



selection means selects a different one of said rows 



90. The DRAM device of/clai#/a8 further comprising a means 



for instructing 



DRAM devicefAto 



precha: 



column sense 



amp without further instruction/at a 



or a second 



preselected time after latching the latest said binary logical 

preselected time being long enough for said 



value, said 



DRAM to latch said binary logical value into said column sense 
amp and transfer said binary logical value into memory or onto 
one of said internal I/oAines, and said second preselected time 



« § 
being a variable which ccan be stored in 



DRAM device whereby 



said DRAM can latch a binary logical value into 



column sense 



amp 



for transferring /aid binary logical value into or out of a 



selected said memorj/cell, then precharge to allow a faster 



subsequent read or ywrite 
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91. A package containing 

a semiconductor die having a side, circuitry and a 
plurality of connecting areas positioned Along or near said 
side, spaced at a selected pitch and connected to said 
circuitry, 

said package comprising a plurality of bus connecting 
means for connecting to a plurality of external bus 
each of said external bus lines corresponding to one of 
connecting areas, each of said bns connecting means being 

positioned on a f irsy side of said package, 
connected to one saira external bus line and to 



said correspondingycoimecting 



on said 



semiconductor di 



spaced at 



an< 



stanti^JLly identical to 



selected pitchl of /Aid connecting areas, 
whereby each of said external bus lines can be 
connected to said corresponding connecting area on said 
semiconductor die by/ bus connection means positioned along a 



single side of saidr package. 



92* The package lot claim 91 further comprising a plurality 
of said bus connecti/g means wherein each of said bus connecting 
means includes 

a pin adapted for connection to one of said external 

bus lines a; 
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20 



25 



a wire connecting said pin to one of saicy connecting 
areas on said semiconductor die, 



said wire having an e 



lead length less than about 4 



millimeters and wherein the effective lead lenjgth of said wire of 
each of said bus connection means for said package is 
approximately equal. 



93. A plurality of packages of claim 91 wherein at least 
two of said semiconductor die are memory devices, each of said 
packages being generally flat, having p top and a bottom, and 
wherein 

said packages are physically secured adjacent and parallel 
to each other in a stack, 

where a first one of said packages is adjacent to a second 



15^" one of said packages in said 



saidtop of 



first 



package is substantially/ aligned with said bottom of said second 



s n package, and 



said bus connecting means of each of 



packages' are 



substantially aligned and are lying substantially in a plane 



94. The plurality oft packages of claim 93 further 



comprising a plurality of stacks wherein each of 



bus con- 



necting means can be electrically connected to corresponding said 
bus connecting means in each of said stacks . 
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95. A semiconductor device capable of use in /a semi- 
conductor bus architecture including a plurality h>t semiconductor 
devices connected in parallel to a bus wherein /aid bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select information meeded by said 
semiconductor device for communication witji substantially every 
other semiconductor device connected to skid bus, and has 
substantially fewer bus lines than the /umber of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected directly to saiid individual semiconductor 
device, said semiconductor device Comprising 

connection means adapted to connect said semiconductor 

device to said bus, ana V 

at least one mo/ifiapjOe identification register 
accessible to said pus through said-connection means, 
whereby data may bt transmitted to said register via said 
bus and enable said^ayvice thereafter to be uniquely 
identified. / 

96. The semiconductor device of claim 95 wherein said 
semiconductor device ife a memory device which connects 
substantially only to/ said bus and sends and receives 
substantially all address, data and control information over said 
bus. / 

* 
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97. A semiconductor device capable of use in af semi- 
conductor bus . architecture including a plurality at semiconductor 
devices connected in parallel to a bus wherein ©aid bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select information Reeded by said 
semiconductor device for communication witly substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need kox a separate device- 
select line connected directly to sa/d individual semiconductor 
device, said semiconductor device comprising 

connection means adapjieaf to connect said semiconductor 
device to said bus , and / // 

at least one modif iab/JSceerTster to hold device address 
information, said Aod^Eiable register accessible to 
said bus through sa/d connection means, whereby data 
may be transmittecy to said register via said bus which 
enables said devifce thereafter to respond to a 
predetermined rauige of addresses. 

98. The semiconductor device of claim 97 wherein said 
semiconductor device ys a memory device which connects 
substantially only to said bus and sends and receives 
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substantially all address, data and control information over said 



bus . 



99. The semiconductor device of claim 98/ wherein said 
memory device has at least one discrete memory section and all 
has at least one modifiable address register adapted to store 
memory address information which corresponds to each said 
discrete memory section. 



100. The semiconductor device of claim 99 wherein said 



memory address information comprises a pointer to 
memory section. 



discrete 



101. The semiconductor devote of claim 100 wherein 
discrete memory section pas a^opS^nd a bottom and 



memory 



address information comp: 



bottom . 



pointers to said top and said 



102. The semiconduct/br device of claim 100 wherein said 
memory address information comprises 



a pointer to /said discrete memory section and 
a range val/e indicating the size of said discrete 
memory section 
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103. A semiconductor device capable of use in/a semi- 
conductor bus architecture including a plurality Jot semiconductor 
devices connected in parallel to a bus wherein iaid bus includes 
a plurality of bus lines for carrying substantially all address ,• 
data and control information needed by said /semiconductor device 
for communication with substantially everV other semiconductor 
device connected to said bus, and has substantially fewer bus 
lines than the number of bits in a single address, said 
semiconductor device comprising / 

connection means adapted t6 connect said semiconductor 

device to said bus, and / 

at least one modifaablV/access-time register accessible 

to said bus through s4id cdnkection means, whereby data may 
be transmitted to said re/ister via said bus which 
establishes a predetermined amount of time that said 
semiconductor devicV-dfereaf ter must wait before using said 
bus in response to a ^request. 

104. The semiconductor device of claim 103 wherein said 
semiconductor device ih a memory device which connects 
substantially only to/ said bus and sends and receives 
substantially all address, data and control information over saic 

bus . / 
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105. The semiconductor device of claim 103 farther 
comprising at least two access-time registers a/d one of said 
access-time registers is permanently programmed to contain a 
fixed value and at least one of said access ytime registers can be 
modified by information carried on said busf. 



106. A semiconductor device capable/of use in a semi- 
conductor bus architecture including a /plurality of semiconductor 
devices connected in parallel to a bud wherein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device corfnedted to said bus, and has 



substantially fewer bus li: 
address, and carries device- 
semiconductor device without 



select line connected 



fly to 



the number of bits in a single 
information for said 

for a separate device- 
individual semiconductor 

device, and wherein each sa/id bus line is a terminated 
transmission line, said semiconductor device comprising 

connection meads adapted to connect said semiconductor 

device to said bus/ and 

a bus line d/iver capable of producing a low-voltage- 



swing signal on 6ne of said terminated transmission li 
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107. The semiconductor device of claim 106 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
substantially all address, data and control in/orraation over said 
bus . I 

108. A semiconductor device capable 6f use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus Wherein said bus includes 
a plurality of bus lines for carrying Substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device conrfgoted to said bus, and has 
substantially fewer bus lines tharinthe number of bits in a single 
address, and carries device-seleoy information for said 
semiconductor device witHout therffeed for a separate device- 
select line connected dir^c^iyyto saiQ^Individual semiconductor 
device, said bus further including at least one bus clock line 
for carrying early and late Bus clock signals, said semiconductor 

device comprising J 

connection means Adapted to connect said semiconductor 

device to said bus, and 

an internal device clock generating means which 
generates an internal device clock synchronized to a time 
halfway between salid early and said late bus clock signals. 

4 
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109. The semiconductor device of claim 108 wherei/h said bus 
further includes a first and a second one of said bu/6 clock 



lines, said first bus clock line carries 



early bus clock 



signal and said second bus clock line carries saifc late bus clock 

semiconductor device further comprising a means to 



signal, 



detect said early bus clock signal on said firtet bus clock line 
and a means to detect said late bus clock signal on said second 
bus clock line. 



110. The semiconductor device of clafim 109 wherein sai 
semiconductor device is a memory device/ which connects 



substantially only to 



bus and sentis and receives 



substantially all address, data 



:ontrol information over 



bus . 



111. A semiconductor device/capable of u£e-"in a semi- 
conductor bus architecture (inc^/ingVTI^rality °* semiconductor 

bus includes 



devices connected in parallelyto a bus wherein 
a plurality of bus lines for/carrying as a sequential series of 
bits substantially all address, data, control and device-select 
information needed by said/semiconductor device for communication 
with substantially every ybther semiconductor device connected to 

bus, and has substantially fewer bus lines than the number 
of bits in a single addtess, and carries device-select 
information for said semiconductor device without the need for a 
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separate device-select line connected directly to skid individual 
semiconductor device , said semiconductor device ccfaprising 

connection means adapted to connect saiid semiconductor 

device to said bus, / 

a plurality of input receivers connected to one of said 

bus data lines and / 

a selection means for selecting /aid input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of bits. / 

112. The semiconductor device ofr claim 111 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus ancy sends and receives 
substantially all address, d^ta jkd control information over said 

bus . I \l \ ^ 

113. The semiconductor ctevice of claim 112 wherein two input 
receivers are connected ^te^cSne of said bus lines. 

114. A semiconductor/device capable of use in an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said bus system includes a plurality of bus lines for carrying 
substantially all addfcess, data, control and device-select 
information needed by said semiconductor device for communication 
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with substantially every other semiconductor deviae connected to 
said system bus, and has substantially fewer buslines than the 
number of bits in a single address, and carriesr device-select 
information for said semiconductor device without the need for a 
separate device-select line connected direcyiy to said individual 



semiconductor device, said semiconductor device comprising 



connection means adapted to connect 



semiconductor 



device to 



system bus, 



an internal input /output bus jfrithin 



semiconductor 



device having more lines than said system bus, and 

a means for multiplexing th* lines of said internal bus 



to the lines of said system bus/ whereby said system bus 



can 



run at a higher speed than sail 



bus . 



20 



115- The semiconductor devlW of claim 114 wherein said 



semiconductor device is/ a memo: 
substantially only to paid syi 
substantially all address, 
system bus . 



device which connects 



bus and se: 



and receives 



ancTcontrol information over said 



* 116. A semiconductor device capable of use in an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices /connected in parallel to a bus wherein 
said system bus includes/ a plurality of bus lines for carrying 
25 substantially all address, data, control and device-select 
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information needed by said semiconductor device for Communication 
with substantially every other semiconductor device/ connected to 



said system bus, and has substantially fewer bus Vines than the 
number of bits in a single address, and carries dievice-select 
information for said semiconductor device without the need for a 
separate device-select line connected directl/ to said individual 
semiconductor device, said semiconductor deyice comprising 

connection means adapted to conn/ct said semiconductor 



device to 



system bus, 



an internal input/output bus within 



s emi conduc tor 



device having more 



than saJjtl system bus , 



a means for multiplexing thfe lines of said internal bus 

systeflTBujS, whereby said system bus can 



to the lines of 



run at a higher speed than : 

at least one mod/f iabler id 



internal bus, and 
sntif ication register 



accessible to said system Ais through said connection means, 



whereby data may b< 




sd to 



gister via said 



system bus and which en/bles said device thereafter to be 
uniquely identified. 



* 117. The semiconductor device of claim 116 wherein 
semiconductor device is k memory device which connects 
substantially only to s4id system bus and sends and receives 
substantially all add/ess, data and control information over 
system bus. 
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118. A semiconductor device capable of use in/ an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices connected in parallel lo a bus wherein 
said system bus includes a plurality of bus ifres for carrying 
substantially all address, data, control an/ device 
information needed by said semiconductor 
with substantially every other semicondi 



revice 



fetor 



for communication 



device connected to 



system bus, and has substantial lVf ewer bus lines than the 
number of bits in a single address, /nd carries device- 
information for said semiconductor/device without the 
separate device-select line conne/ted directly to said individual 
semiconductor device, said semiconductor device comprising 



need for a 



connection mej 
device to said ^yst< 

an internal ind 
device having/ more/L 



.adapted to connect 



semiconductor 



output bus within said semiconductor 



system bus, 



a means 



.tiplexing the lines of 




bus 



to the lines of sa4d system bus , whereby said system bus can 
run at a higher /peed than said internal bus, and 



at least o/e modifiable register to hold device 
information, skid modifiable register accessible to said 
system bus t/rough said connection means, whereby data may 



s 



be transmit/ed to said register via said system bus which 
enables saZd device thereafter to respond to a predetermined 
range of /addresses . 



High 
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119. The semiconductor device of claim 118 wHerein said 
semiconductor device is a memory device which connects 
substantially. only to said system bus and sends and receives 
substantially all address, data and control information over said 
system bus . 



120. The semiconductor device of claim 119 wherein said 
memory device has at least one discrete memory section and also 
has at least one modifiable address register adapted to store 
memory address information which corresponds to each said 
discrete memory section. 



121. A semiconductor device /capable of use in an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices ooim/cted in parallel to a bus wherein 
said system bus includes a/fcArality of bus lines for carrying 
substantially all address, Mata and control information needed by 
said semiconductor device/ ^©^"communication with substantially 
every other semicond\itf£o/ device connected to said system bus, 
and has substantially fdwer bus lines than the number of bits in 
a single address, said /semiconductor device comprising 

connection mfeans adapted to connect said semiconductor 

device to said system bus, 

an interna/ input/output bus within said semiconductor 

device having imore lines than said system bus, 
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15 



a means for multiplexing the lines of said/internal bus 



to the lines of said system bus, whereby said/system bus can 
run at a higher speed than said internal bus', and 

at least one modifiable access-time register accessible 
to said system bus through said connection means, whereby 
data may be transmitted to said regis te/ via said system bus 
which establishes a predetermined amount of time that 
semiconductor device thereafter must/wait before using said 
system bus in response to a reques 



122. The semiconductor device of fclaim 121 wherein said 



semiconductor device is a mei 



ce which connects 



substantially only to said/system bjis and sends and receives 



substantially all address/ data 
system bus . 



control information over said 



20 



123. The semiconductor device of claim 121 further 
comprising at least two accesi -time registers and one of said 
access-time registers is penfaanently programmed to contain a 
fixed value and at least onfe of said access-time registers can be 



modified by information c. 



on 



system bus 



25 



124. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in .parallel to a bus wherein said bus includes 
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a plurality of bus lines for carrying substantially ail address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, /and has 
substantially fewer bus lines than the number of/ bits in a single 



address, and carries 



device-select information/for said 



semiconductor device without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, wherein said address, data, controfl. and device-select 
information is carried over said bus in tflie form of request 



packets and bus transactions, 



semiconductor device 



comprising 



connection means adapts tqr connect 
device to said bus, 



semiconductor 



a means to receive sail Request packets over said bus , 
a means to dec</de inf/tfa&tion in^stfid request packets, 



and 



a means to resW*a t6 said information in said request 



packets . 



125. The semiconductor device of claim 124 wherein said 
means to decode information in said request packet further 



comprises 



a means to identify and decode 



control information 



in said request packet, 
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a means to identify and decode said dev^fce-select 
information in said request packet, 

a means to identify and decode said ^fldress i 
in said request packet and 

a means to determine whether said control information 
or said address information instructs >said semiconductor 
device to begin a response. 



ion 



126. The semiconductor device of claim 124 wherein each of 



said bus transactions is carried out ij 



to said address 



and said control information in one of said request packets, and 



wherein said means to identif 1 



code information in said 



request packets includes a >means tU identify a sequence of bytes 
on said bus as one of said request packets containing said 
address and said control information, said control information 



including information 
being requested and th< 



>out tl 



^d bus transaction 



access time which needs to intervene 



before beginning said bus transaction over 



bus arid said 



address and said control information includes device-select 



information instructing oryk or more 



semiconductor devices to 



respond to said address and said control information. 



127. The semiconductor device of claim 124 further 



comprising 
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a plurality of sense amplifiers adapted Vo precharge to 
a selected state or to latch a bit of information, 

a means to hold said sense amplifiers /in an unmodified 
state after latching one of said bits of /information , 

a means to precharge said sense amplifiers and 

a means for selecting whether saifl semiconductor device 
should precharge said sense amplifiers or should hold 
sense amplifiers in an unmodified 



128. The semiconductor device of /claim 124 wherein said 
means to respond to said information/ where said information is 
control information, further comprises a means to 

transfer a data block dufcing a data block transfer, 



further including a mpans 

read data /from i 



Id semiconductor device and 



write datk inti/ Waid semiconductor device, and 
initiate a data~fclo»ck transfer, 
transfer a data block of a selected size, 
transfer a data block at a selected time, 
access a control register, including a means to read 
from or write to said control register, or 
select normaV or page-mode access. 



129. The semi conductor device of claim 124 further 
comprising a means /to respond to said information in said request 
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packet if said i 



includes a device identification 



number unique to said semiconductor device ♦ 



130. The semiconductor device of claiin 124 further 
comprising a means to respond to said information in 
packet if said information includes a special device 
identification number which calls for paid semiconductor device 
to respond. 



131. The semiconductor device <6f claim 124 further 
comprising a means to respond to aaid information in said request 



packet if said information i: 
semiconductor device. 



u< 



fes an address unique to said 



132. The semiconductor d< 



of cla, 



4 further 



comprising a means to iKt^rp/et said control information and 



decode the time to wait before beginning 



over said bus. 



bus transaction 



133. The semiconductor device of claim 124 further 
* § 
comprising a means to interpret said control information and 

decode the size of a d£ta block to transfer during one of 
bus transactions. 
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134. The semiconductor device of claim 124, L25, 126, 127, 
128, 129, 130, 131, 132 or 133 wherein said semiconductor device 
is a memory device which connects substantially only to said bus 
and sends and receives substantially all address, data and 
control information over said bus. / 

135. A semiconductor device capable oi use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying Substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to. said bus, and has 
substantially fewer bus lines thanT the number of bits in a single 
address, and carries device-selecft information for said 
semiconductor device without the need for a separate device- 
select line connected direct^y/to said individual semiconductor 
device, wherein said address ,/ftata , control and device'-select 
information is carried ovfer hA^4Jaaa^J e rC^he form of request 
packets and bus transactions/ said semiconductor device 

comprising J 

connection means adapted to connect said semiconductor 

device to said bus,/ 

a means to encode address and control information in 

8 a id request packets and 
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a means to send said request packets 6ver said 



136. The semiconductor device of claim ^35 further 

wherein each of 



comprising a means to request a bus transa 



ft ion 



Ld bus transactions is carried out in response to said address 



and said control information in one of eild request packets, and 
wherein said means to encode informatio/ in said request packets 
includes a means to mark a sequence of/ bytes on said bus as one 
of said request packets , said control/ information including 
information about the type of said /us transaction being 
requested and the access time which 7 needs to intervene 
beginning said bus transaction ove/r said bus and said address and 
said control information include/ device-select information 
instructing one or more sa, 
said address and said control 



□.conductor devices to respond to 



formation . 



137. The semiconductor dWcT"olfclaim 135 wherein one or 
more of said plurality ^semiconductor devices has a unique 
device identification numb/r, said semiconductor device further 
comprising a means to sen/ control information to a specific one 
of said plurality of sem/conductor devices by including in said 
request packet a seledid said device identification number. 

138. The semicon/uctor device of claim 135 wherein each of 
said plurality of semiconductor devices is adapted to respond to 
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a special device identification number, said semiconductor device 
further comprising a means to send control information to each of 
said plurality of semiconductor devices by including in said 
request packet said special device identification number. 



139. The semiconductor device of claimf 135 wherein one or 
more of said plurality of semiconductor devices is a memory 



device having a plurality of addresses, 6aid semiconductor 
further comprising a means to send conttol information to a 
specific address or range of addresses/in one of said plurality 
of semiconductor devices by including/said specific address or 
range of addresses in said request packet. 



one of 



140. The semiconductor device^ of claim 135 wherein at least 

packet requesting a bus 
ssponding one of said bus 



request packers is 
transaction which is folaowed 



transactions, said sem/conduc&r^evicejurther comprising a 
means to encode said cbntro* /information to specify directly or 



indirectly the time between /the end of said request packet 



requesting a bus transaction and said corresponding bus 



transaction over said bus 



141. The semiconductor device of claim 140 wherein one type 
of said bus transaction^ is a transfer of a data block, said 
semiconductor device filrther comprising a means to encode said 
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control information to specify the size of said data block to 



transfer. 



142. The semiconductor device of claim 14/) further 
5 comprising a means to keep track of current afod pending bus 
transactions, whereby collisions on said, bi 

said semiconductor device avoids initiating bus transactions 
which would conflict with current or pending bus transactions 



10 



li 



20 



143. The semiconductor device of tlaim 135 wherein said 



semiconductor device is a first 



device and one of said 



plurality of semiconductor devices is a second master 



further comprising 

a collision detecting 
device when sending a 



whereb^said first master 
one of said request packets can 
detect said second master/device sending a colliding one of 
said request packets, whffere said colliding request packet 
may be sent simultaneous with the initial sending of or 

request packet, and 
first and said second 

of 



overlapping the sending of said 

an arbitration means whereby 
master devices sele/t a priority order in which each 



master devices wilj be allowed to access 
sequentially . 



bus 
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144. The semiconductor device of claim 143 wherein said 
iconductor device is a master device and at /least one of said 



plurality of semiconductor devices is a masteyt device, each of 
said master devices has a master ID number afrd each of said 

a 

request packets includes a master ID position which is a 
predetermined number of bits in a predetermined position in said 
request packet, and wherein 



collision detection means 



comprises 



a means for said semiconductor device to send its 



master ID number in said request/packet and 

a means to detect a collision and invoke said 



arbitration means if 



:onductor device detects any 



other master ID number im said master ID position 



145. The semiconductor devi/eyof claim 



wherein said 



system bus architecture in^l] 
on said bus during bus cycles 



a means for carrying information 



semiconductor device further 



comprising 



a means 



for driviira a selected bus line or lines during 
at least one selected /bus cycle while sending each said 

request packet, 

a means for monitoring said selected bus line 
to see if another skid master device is sending one of said 
colliding request packets and 
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a means for informing all said master/devices that a 
collision has occurred and for invoking sfeid arbitration 



means . 



146. The semiconductor device of clainf 145 further 



comprising 



a means, when sending a request packet, for driving a 
lected bus line or lines with a pertain current during at 



least one selected bus cycle, 



a means for monitoring 



elected bus line or 



for a greater than normal current to see if another said 
master device is driving that yine or lines, 



a means for detecting saii greater than normal current 



and 



a means for informing all said master devices that a 



collision has occurred and* 



invoking said arbitration 



means . 



147. The semiconductor /flevice of claim 143 wherein 
arbitration means comprise 

* 

a means for initiating an arbitration cycle, 
a means for allocating a single bus line to each 
master device durini at least one selected bus cycle 
relative to the stdrt of said arbitration cycle, 



said 
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a means for allocating each said mast 



device to a 



single bus line during one of 



select/d bus cycles if 



are more master devices than available bus lines, 



a means for each of 



master devices which sent one 



of said colliding request packets to cfrive said bus line 
allocated to said master device duri/g said selected bus 

cycle, and 

a means in at least one of sa^d master 

storing information about which 
said colliding request packets, 

whereby said master devices/can monitor selected bus 
lines during said arbitration cycle and identify each 
master device which sent one it said colliding request 



devices sent one of 



packets 



148. The semiconductor dev: 
arbitration means compri 



of claim 143 wherein said 



a means for identif/ing each of said master devices 



which sent one of 



:olliding request packets, 



s, 
which 



a means for assigning a priority to each 
device which sent one/ of said colliding request packet 

a means for all/wing each said master 
one of said colliding request packets to access the bus 
sequentially according to that priority. 



and 
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149. The semiconductor device of /lain 143 wherein said 



priority is based on the physical lo/ation of each of said master 



150. The semiconductor /devJ^eof 



:m 143 wherein said 



priority is based on said mast/r ID number of said master 



devices . 
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